Background: The objectives of this work are to study the physicochemical properties of tamarind fruit pulp for production of vinegar and to evaluate the quality characteristics of the produced vinegar. Methods: Two samples of tamarind were used in this study, sample A from Eastern Sudan and B from Western Sudan. They were analyzed for their physical, chemical composition and minerals content. Results: The acidity (%), total soluble solid, TSS Brix and pH values of tamarinds fruit pulp showed that sample A
Introduction
Tamarind (Tamarindus indica L.) is a tree planted mainly for its fruits, to be eaten fresh or after processing/ as a seasoning or spice, or for non-food uses. The tree cultivated in different regions including the subtropics and semiarid tropics. The ripened fruits were used in many food applications e.g. jam, juices, sweetened drinks, sorbets, ice creams and all manner of snacks while the and unripe may be a component of savory dishes, as a pickling agent. The tamarind fruit pulp is an excellent source of sugars and vitamin B, in addition to minerals and phenolic compounds as antioxidants [1 and 2] . Due to its high sugar concentration and low pH, it can be used in different industrial products like concentrates, pickles, confections, powdered. The fruit contained glucose, fructose and arabinose as inverted sugars, besides; it has a lower acidity, therefore, recommends efficient utilization of tamarind fruit in many products such as vinegar [3] .
Vinegar is a liquid consisting mainly of acetic acid (CH 3 COOH) and water. The ethanol is fermented by acetic acid bacteria to produce acetic acid.. Acetic acid is the predominant flavoring and antimicrobial component in vinegar [4] . The
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Page: 2 production ranges from traditional methods employing wood casks and surface culture to submerged fermentation in acetators [5] . Vinegar, whither naturally produced by the fermentation or added to the food it will delay the microbial growth and contributes to the sensory properties of different foods. There are many food products containing vinegar (wine, sauces, ketchup, mayonnaise, etc.), and this lead to increase the vinegar production [6] . The objectives of the present study were to study the physicochemical properties of tamarind fruit pulp and to use this pulp for vinegar production, and to explore the quality of the produced vinegar.
Methods
Tamarind (Tamarindus indica L.) fruit samples were obtained from Western Sudan (South Kordofan), and Eastern Sudan (Gadarif). The samples were cleaned from foreign materials. For physicochemical analysis, seeds were removed from the pulp, and for vinegar production, samples washed, soaked in water (1:6) for 24 hours, and the seeds were removed by cleaning and filtration. Physicochemical analysis
The moisture, crude protein, fat, ash, crude fiber, total carbohydrates contents, total soluble solids, total titrable acidity were determined according to the AOAC methods [7] . The pH was measured using a digital pH meter (model 210, HANNA instruments microprocessor pH meter).
Minerals assay
Dry ashing was used for extraction of minerals as described by Chapman and Pratt [8] the amount of Ca and iron were determined using atomic absorption spectroscopy (Perkin-Elmer 2380). Phosphorus was determined according to Chapman and Pratt [8 Flame photometer (CORNIGEEL) was used for determination of sodium and potassium according to AOAC (2003) .
Vinegar production
The method described by Paturau [9] was used for the production of vinegar at laboratory level. It included fermentation, distillation and vinegar production as follows: Fermentation of the pulp One kg of the tamarind fruit samples were cleaned from foreign matters, washed and soaked in 6 liter distilled water for 24 hours in stirrer tank then seeds were removed from the pulp and filtered. The brix and pH were determined using the pocket refractometer and pH meter, respectively. The pH was adjusted to 6.5 using sodium hydroxide (1 N). Then one gram of ammonium sulphate, half ml of orthophosophoric acid were added. To this mixture 10 g of yeast were added and shacked well. Then the contents were closed in steel tank for fermentation at room temperature (30 ± 2°C) for 72 hours. The fermented slurry was kept in the refrigerator at 10-20ºC. Distillation Using the distillation unit, the fermented slurry was distilled at 78-80º C. The ethanol distillates from this slurry was collected, weighed and analyzed for refractive index using an Abbe bench refractometer according to ICUMSA [10] ; density [11] and concentration [12] .
For vinegar production 10 g of both Acetobacter and yeasts and 10 ml of acetic acid were added to the 100 ml of the above produced ethanol in a flask. Then the flask was closed with a foil paper containing several pores in order to allow oxygen to enter and left for 72 hours in an incubator at 37ºC. The produced vinegar was then weighed and analyzed for pH, density [11] and concentration [12] .
Statistical analysis
Three separate batches, for a particular treatment, were taken and analyzed separately and the figures were then averaged. Data were assessed by analysis of variance (ANOVA) [13] and by Duncan's multiple range test with a probability P≤0.05 [14] using SAS/STAT software
Results and discussion
Physical analysis of tamarind fruit pulp Table 1 show the titrable acidity, total soluble solids (TTS) and the pH of the tamarind pulp. The titrable acidity of the two samples A and B were found to be 28.78% and 14.98%, respectively. Both samples were lower than 43.4% documented by Abd Alhameed [15] .
The total soluble solids of tamarind pulp were found to be 42.21º Brix, for sample A and 39.59º Brix for sample B (Table 1 ). Both lower than that value recorded by Benero et al. [16] , which range from 54 to 69.9 Brix.
As shown in Table 1 the pH of the tamarind was found to be 3.10, 2.64 for samples A and B respectively, which was lower than the result obtained by Duke [17] who reported a pH value of 3.15. This pH was lower than that observed in citrus fruits such as oranges (3.66) and ponkan tangerine (4.05) [18] . Food spoilage microorganism's growth was inhibited by the low pH and therefore extending the shelf life of tamarind and its products. The proximate analysis of the two tamarind samples is presented in Table 2 . The moisture content was found to be 15.47% and 18.00% for sample A and B, respectively, which is higher than the value 11.22% reported by Abd Alhameed [15] . The ash content was found to be (3.99%) for sample A, and (3.91%) for sample B. These values are within the range of 2.6% -3.9% reported by Gursharan et al. [19] . The protein and fat contents of the two samples A and B were 1.90%, 2.36%, 5.48% and 5.14%, respectively. Mohammed [20] and Abd Alhameed [15] reported a protein content 5.44% and 5.3%, for tamarind pulp, while Sulieman et al. [3] reveled that tamarind pulp contain crude oil within the range 5.4% -5.6%. The crude fiber in sample B (9.57%) was found to be significantly much higher than sample A (4.371%) and the carbohydrates content of tamarind samples were 68.79% for sample A, and 60.02% for sample B, which were lower than the values 70.9% -78.1% found by Sulieman et al. [3] . The minerals content of tamarind pulp was presented in Table 3 . The sodium concentration was found to be 26.64mg/100g, 21.58mg/100g for sample A, B respectively, which was higher than the value obtained by Morton [21] who reported 24 mg/100g for sodium. The calcium concentration in the tamarind pulp was found to be 174.19 mg/100g and 149.13 mg/100g for sample A and B respectively (Table 3 ) these values were higher than the value of 111.0 mg/100g obtained by De Oliveira et al. [22] . Potassium in the two samples of tamarind pulp A and B was found to be 112.48 and 142.98 mg/100g, respectively (Table 3) . These values were lower than the values reported by De Oliveira et al. [22] .
In both samples of the pulp, the concentration of the iron was 68.94 mg/100g and 80.67 mg/100g, respectively for sample A and B; these results were much lower than 110.0, 113.0 mg/100g values obtained by Purseglove [23] and Almeida et al. [24] .
Phosphorous was found to be 6.94 mg/100g for sample A. and 8.67 mg/100g for sample B (Table 3) . These results were in agreement with 8.49 and 6.80 mg/100g, obtained by Ishola et al. [25] , and higher than 3.17 mg/100g reported by Glew et al. [26] . Ethanol was produced at the first step of vinegar production using tamarind fruit pulp as a raw material. Table 4 shows the different composition of the produced ethanol. The concentration of ethanol produced from tamarind (1 kg for each sample) were 77%, 75.5%, respectively for sample A and B. This is much similar to the value of sweet orange peels (2 kg) fermented for 14 days and produced 60 -78% of ethanol [27] .The density of produced ethanol was found to be 1.523 and 1.532 g/cm 3 for the two samples A and B, respectively (Table 4) . These results were within the range specified by Macrae et al. [28] .The density values were higher than the value reported by Eltayeb [29] , which was 0.95 g/ cm 3 at 30ºC, and also greater than the value 0.81 g/ml reported by Gasmalla [30] . The refractive index of produced ethanol was found to be 1.335 for sample A, 1.340 for sample B (Table 4) , these were slightly lower than the value 1.3638 of the absolute ethanol. In the processing of different food products like pickled vegetables, sausages and food emulsions (salad cream and mayonnaise) vinegar has been used as a food grade preservative. It is made from sugary or starchy materials by an alcoholic fermentation process followed by acetous fermentation [31] . In this study tamarind pulp produced 300 and 260 ml/kg of vinegar for sample A and B respectively, which is lower than the volume produced from sweet orange peels after 14 days of fermentation (750 ml) [27] .
As shown in Table 5 the produced vinegar had 17.18%, 18.14%, acetic acid, respectively, for sample A and B. This value is more than 4 th times than the concentration of acetic acid (4%) reported by the USFDA for vinegar [32] . Acetic acid in vinegar imparts the sour taste, it also possesses cleaning and antiseptic or germ killing properties.
Acetic acid content control the pH of the vinegar, in the commercial distilled white vinegar the pH is about 2.4 and the acetic acid is 5%. The pH of vinegar depends on the concentration of acetic acid. The pH of the produced vinegar was found to be 2.05, 2.18, for A and B, respectively (Table 5) , which was within the range of citrus' peel vinegar (2.15 to 3.66) shown by Oguntoyinbo et al. [27] .
A typical commercial vinegar with a 5% acetic acid content has a density about 1.01 grams per milliliter. The presence of acetic acid control the pH and density. . The density of produced vinegar was 0.945g/ml for sample A and 0.937 g/ml for sample B (Table 5) , which was slightly lower than both the standard value 0.96 g/ml (cider vinegar) reported by Ronald and Ronald [33] . 
Conclusion
Chemical analysis of the tamarind fruit pulp showed that it contain low water content, high amount of carbohydrates, protein and minerals. The resulting low pH of tamarind inhibits the growth of food spoilage bacteria, most of which are acid sensitive, in addition, other microorganism cannot successfully grow like staphylococci, salmonella, coliform and. E. coli. The volume of vinegar prepared from tamarind was equivalent to 300, and 260 ml per kg of tamarind with concentration of more than 17%. Therefore, tamarind can be used for production of a valuable product such as vinegar and hence improve its economic value.
